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(54) Plastic-encapsulated semiconductor device and fabrication method thereof 


(57) A plastic-encapsulated semiconductor device 
is provided, which is capable of efficient heat dissipation 
without upsizing while preventing the moisture from 
reaching an IC chip. This device is comprised of an 
electrically-conductive island having a chip-mounting 
area, an IC chip fixed on the chip-mounting area of the 
island, leads electrically connected to bonding pads of 
the chip through bonding wires, a plastic package for 
encapsulating the island, the chip, the bonding wires, 
and inner parts of the leads. The package has an 
approximately flat bottom face. Outer parts of the leads 
are protruded from the package and are located in 
approximately a same plane as the bottom face of the 
package. The island has an exposition part exposed 
from the package at a location excluding the chip- 
mounting area. A lower face of the exposition part of the 
island is located in approximately a same plane as the 
bottom face of the package. The chip and the chip- 
mounting area of the island are entirely buried in the 
package. A part of the island excluding the chip-mount- 
ing area is bent toward the bottom face of the package 
tob exposed therefrom. 
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Oescripti n 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a semiconductor 
device and more particularly, to a plastic-encapsulated 
semiconductor device having a good heat dissipation 
performance and a good moisture resistance, and a fab- 
rication method thereof. 

2. Description of the Prior Art 

Conventionally, plastic-encapsulated semiconduc- 
tor devices have been used in various electronic equip- 
ment. In the semiconductor devices of this sort, 
typically, an Integrated circuit (IC) or Large-Scale Inte- 
grated circuit (LSI) chip or pellet is encapsulated in a 
plastic package and electrically-conductive leads or ter- 
minals are protruded from the package. These leads 
are electrically connected to boding pads of the IC chips 
within the package, tf the semiconductor device is 
mounted on a circuit board and the leads or terminals 
are electrically connected to wiring lines of the circuit 
board, various input signals may be applied to the IC 
chip or pellet and various output signals may be derived 
therefrom. 

The semiconductor devices of this sort have been 
practically used in various application fields. With the 
semiconductor devices designed for outputting the elec- 
tric wave in portable or pocket telephones, electric 
power consumption generates a lot of heat on operation 
and therefore, the heat thus generated needs to be effi- 
ciently dissipated or radiated. 

Figs. 1 and 2 show a conventional plastic-encapsu- 
lated semiconductor device 501 capable of efficient 
heat dissipation. This device is disclosed in the Japa- 
nese Non-Examined Patent Publication No. 61-144834 
published in 1986. 

As shown in Figs. 1 and 2, this plastic-encapsulated 
semiconductor device 501 is equipped with an approxi- 
mately square IC chip or pellet 503 having bonding 
pads 502 on its top face. The chip 503 is mounted on an 
island 504. The island 504 is formed by a rectangular 
metallic plate and the chip 503 is fixed onto the center of 
an upper side of the island 504. Leads or terminals 505 
are arranged at regular intervals on the long sides of the 
island 504. The leads 505 are electrically connected to 
the corresponding bonding pads 502 of the chip 503 
through bonding wires 506. 

The IC chip or pellet 503, the island 504, the leads 
505, and the bonding wires 506 are encapsulated or 
molded in a rectangular parallelepiped-shaped plastic 
package 507 while the outer parts of the leads 505 and 
the short-side ends of the island 504 are protruded from 
the package 507. The protruding outer parts of the 
leads 505 are located at the long sides of the package 


507. The protruding ends of the island 504 have pene- 
trating circular holes 508. 

The conventional semiconductor device shown in 
Figs. 1 and 2 is mounted, for example, on an upper side 

5 of a wiring board (not shown) with the use of screws 
inserted into the penetrating holes 508 of the island 
504. The leads or terminals 505 are electrically con- 
nected to wiring lines formed on the upper side of the 
wiring board. Various electric signals are transferred 

to between the chip 503 and the wiring lines through the 
terminals 505. The heat generated in the chip 503 is 
dissipated at the protruding ends of the island 504 from 
the package 507. 

With the conventional semiconductor device 501 

15 shown in Figs. 1 and 2, the heat generated in the IC chip 
503 is dissipated through the island 504. However, the 
protruding parts of the island 4 from the package 507 
are apart from the bottom of the package 507. There- 
fore, conventionally, to improve the heat dissipation per- 

20 formance or capability, a proper thermally-conductive 
spacer is sandwiched between the protruding ends of 
the island 504 and the circuit board, or a proper heat- 
releasing plate is fixed onto the top of the package 507 . 
These additional members increase the number of 

25 parts and fabrication processes, thereby lowering the 
productivity and upsizing the semiconductor device 
501. 

Also, since the IC chip or pellet 503 is located at the 
middle of the elongated island 504, the protruding short- 
30 side ends of the island 504 are apart from the chip 503 
at a comparatively long distance. Accordingly, the con- 
ventional semiconductor device 501 has no satisfactory 
heat-dissipation performance 

Further, although the semiconductor devices of this 
35 sort designed for the portable telephones have been 
required to be mounted on a wiring board as flat as pos- 
sible in view of downsizing, the conventional semicon- 
ductor device 501 is not as flat as required. 

Figs. 3 and 4 show another conventional plastic- 
40 encapsulated semiconductor device 521 , which solves 
the above-described problems in the conventional plas- 
tic-encapsulated semiconductor device 501. This 
device is disclosed in the Japanese Non-Examined Pat- 
ent Publication No, 2-63142 published in 1990. 
45 The explanation about the same configuration is 
omitted here by attaching the same reference numerals 
as those in Figs. 1 and 2 to the same or corresponding 
elements in Figs. 3 and 4 for the sake of simplification. 

As shown in Figs. 3 and 4, this plastic-encapsulated 
so semiconductor device 521 is equipped with a heat- 
releasing plate 523 with a circular-ringed shape. The 
heat-releasing plate 523 is protruded from one side of a 
plastic package 522 from which the leads or terminals 
505 are not protruded. The heat-releasing plate 523 is 
55 formed to be incorporated with an island 524. 

The heat-releasing plate 523 is located on a same 
plane as a middle part 525 of the island 524 on which 
the IC chip 503 is mounted. As clearly shown in Fig. 4, 
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the middle part 525 of the island 524 is exposed from 
the bottom face of the package 522. The inner parts of 
the leads or terminals 505, which are arranged at each 
side of the island 524, are also exposed from the bottom 
face of the package 522. 5 
Therefore, the conventional semiconductor device 

521 is able to be mounted as flat as required for the 
portable telephones. 

The heat-releasing plate 523 has a circular pene- 
trating hole 526. The conventional semiconductor w 
device 521 is mounted on a wiring board (not shown) 
with the use of a screw inserted into the hole 526. 

Wrth the conventional semiconductor device 521 
shown in Figs. 3 and 4, since the leads or terminals 505 
are exposed from the bottom face of the package 522, 15 
the leads 505 can be directly fixed onto the wiring lines 
of a wiring board by solder joints. The semiconductor 
device 521 is mounted on a wiring board by fixing the 
heat-releasing plate 523 protruding from the package 

522 onto the wiring board with the use of a screw and 20 
fixing the island 524 onto a grounding wiring line of the 
wiring board. 

If the middle part 525 of the island 524 is located on 
an electrically conductive pattern of the wiring board, 
the middle part 525 can be connected to the pattern by 25 
an adhesive with a good thermal conductivity. In this 
case, the heat generated in the IC chip 503 is efficiently 
transmitted to the pattern of the wiring board through 
the heat-releasing plate 523 and the middle part 525 of 
the island 524. Thus, the heat-generating chip 503 is 30 
efficiently cooled. 

However, the conventional semiconductor device 
521 shown in Figs. 3 and 4 has the following problems. 

Specifically, in the conventional semiconductor 
device 521 , not only the leads 505 but also the middle 35 
part 525 of the island 524 are exposed from the bottom , 
face of the plastic package 527 in order to improve the 
heat dissipation capability. However, the heat dissipa- 
tion capability is not practically improved unless the mid- 
dle part 525 of the island 524 is connected to the wiring 40 
board by an adhesive with a good thermal conductivity. 
In this case, the thermally-conductive adhesive tends to 
flow toward the leads or terminals 525 before curing and 
therefore, contact or connection failure of the terminals 
525 will occur. 45 

To prevent the contact or connection failure of the 
terminals 525. the terminals 525 may be connected to 
the wiring lines of the wiring board by solder joints in a 
soldering process of the terminals 525, instead of the 
thermally conductive adhesive. In this case, however, a so 
solder is difficult to flow into the narrow gap between the 
bottom face of the package 522 and the upper surface 
of the wiring board. Thus, even rf the middle part 525 of 
the island 524 is exposed from the package 522, heat 
dissipation through the middle part 525 of the island 524 ss 
is not practically expected. 

The exposure of the middle part 525 of the island 
524 increases the possibility that the moisture con- 


tained in the atmosphere reaches the IC chip 503 
through the exposed middle part 525. The moisture will 
facilitate (a) disconnection or release of the bonding 
wires 506, (b) electrical short-circuit between the termi- 
nals or leads 505 due to the migration phenomenon, 
and (c) time-dependent degradation of the chip 503, 
thereby decreasing the lifetime of the semiconductor 
device 521. 

From this view point, the possibility that the mois- 
ture contained in the atmosphere reaches the chip 503 
is low in the conventional semiconductor device 501 
shown in Figs. 1 and 2, because only the short-side 
ends of the island 504 are exposed from the package 
507. In this case, however, as already described above, 
there arises a problem that a proper spacer or heat- 
releasing plate is necessary and direct connection of 
the island 504 to the wiring board is difficult. 

Moreover, with the conventional semiconductor 
devices 501 and 521 , since the ends of the islands 504 
and 524 are protruded from the plastic packages 507 
and 522, respectively, they are upsized. From the view 
point of application to the portable telephones, the 
upsizing of the devices 501 and 521 will make an impor- 
tant issue. 

Additionally, when high-frequency electric signals 
are used, the high-frequency electric signals are trans- 
ferred through a part of the leads or terminals 505. In 
this case, interference tends to occur between the leads 
505 for the high-frequency electric signals and the 
remaining leads 505 adjoining thereto. To cope with the 
interference, it is preferred that grounded terminals or 
leads are additionally provided at each side of the leads 
505 for the high-frequency electric signals. However, no 
consideration exists in the conventional semiconductor 
devices 501 and 521. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a plastic-encapsulated semiconductor device 
capable of efficient heat dissipation without upsizing 
while preventing the moisture from reaching an IC chip 
and a fabrication method of the device. 

Another object of the present invention is to provide 
a semiconductor device that prevents electric isolation 
between leads or terminals from degrading due to high- 
frequency electric signals and a fabrication method of 
the device. 

The above objects together with others not specifi- 
cally mentioned will become clear to those skilled in the 
art from the following description. 

According to a first aspect of the present invention, 
a plastic-encapsulated semiconductor device is pro- 
vided, which is comprised of an electrically-conductive 
island having a chip-mounting area, an IC chip fixed on 
the chip-mounting area of the island, leads electrically 
connected to bonding pads of the chip through bonding 
wires, a plastic package for encapsulating the island. 
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the chip, the bonding wires, and inner parts of the leads 

The package has an approximately flat bottom face 

Outer parts of the leads are protruded from the 
package and are located in approximately a same plane 
as the bottom face of the package. 

The island has an exposrtion part exposed from the 
package at a location excluding the chip- mounting area 
A lower face of the exposition part of the island is 
located in approximately a same plane as the bottom 
face of the package. 

The chip and the chip-mounting area of the island 
are entirely buried in the package. 

A part of the island excluding the chip-mounting 
area is bent toward the bottom face of the package to be 
exposed therefrom. 

With the plastic* encapsulated semiconductor 
device according to the first aspect of the present inven- 
tion, the island has the exposition part which is exposed 
from the plastic package, and the lower lace of the 
exposition part is located in approximately a same plane 
as the bottom face of the package. Therefore, if the 
semiconductor device is mounted on a substrate such 
as a wiring board so that the exposition part of the 
island is connected to an electrically-conductive pattern 
of the substrate by a thermally-conductive joint such as 
a solder joint, the heat generated in the IC chip on oper- 
ation is efficiently dissipated through the eJectrically- 
conductive pattern of the substrate. 

On the other hand, the IC chip mounted on the chip- 
mounting area ol the island is entirely buried in the 
package. Therefore, the moisture contained in the 
atmosphere is difficult to reach the chip. 

Further, because it is unnecessary for the ends of 
the islands to be protruded from the package, upsizing 
of the semiconductor device is prevented. 

In a preferred embodiment of the semiconductor 
device according to the first aspect, an additional lead is 
provided for grounding. The additional lead is incorpo- 
rated with the island. 

In this case, if the additional lead is arranged to be 
adjacent to a corresponding one of the leads designed 
tor a high-frequency electric signal, there is an addi- 
tional advantage that electric isolation between the 
additional lead and the corresponding one of the leads 
designed for the high-frequency electric signal is pre- 
vented from degrading. 

Further, since the additional leads is incorporated 
with the island, there is another additional advantage 
that the configuration is simple and the additional lead 
and the island are surely grounded. 

In another preferred embodiment of the semicon- 
ductor device according to the first aspect, an upper 
face of the exposition part of the island is exposed from 
the package. 

In this case, there is an additional advantage that 
the heat-dissipation capability is improved, because the 
heat generated in the chip is radiated from the exposed 
upper face. 


tf the upper face of the exposition part of the island 
is electrically connected to an electrically-conductive 
pattern of a substrate by a solder joint, there is another 
additional advantage that a soldering process is readily 

5 achieved and the heat generated in the chip is effec- 
tively transmitted to the pattern through the solder joint. 

In still another preferred embodiment of the semi- 
conductor device according to the first aspect, the pack- 
age has a depression formed to expose an upper face 

10 of the exposrtion part of the island from the package. 

In this case, to expose the upper face of the exposi- 
tion part of the island from the package, the ends of the 
island are not required to be prolonged. Thus, there is 
an additional advantage that a good heat-dissipation 

15 capability is achieved without upsizing of the device. 

In a further preferred embodiment of the semicon- 
ductor device according to the first aspect, the lower 
face of the exposition part of the island is wider than an 
upper face of the exposition part of the island. 

20 In this case, there is an additional advantage that 
the moisture contained in the atmosphere is prevented 
from entering the inside of the package through the gap 
between the island and the package while keeping a 
good heat-dissipation capability. This is because the 

25 heat generated in the chip is effectively transmitted to 
an electrically-conductive pattern of a substrate through 
the wide lower face. 

In a still further preferred embodiment of the semi- 
conductor device according to the first aspect the expo- 
se sition part of the island is protruded from the package. 

In this case, there is an additional advantage that 
the an upper face of the exposition part of the island is 
exposed from the package with a simple configuration. 
According to a second aspect of the present inven- 

35 tion, a fabrication method of the plastic-encapsulated 
semiconductor device according to the first aspect is 
provided, which is comprised of the following steps (a) 
to(h). 

40 (a) A leadframe having a set of an island and lead 
fingers is prepared by an electrically-conductive 
metallic plate. The island is mechanically con- 
nected to a body of the leadframe by a first connec- 
tion member. The lead fingers are mechanically 

45 connected to the body of the leadframe by a second 
connection member. The island has a chip-mount- 
ing area and an exposition area positioned at a 
location excluding the chip-mounting area, 
(b) An IC chip having bonding pads is prepared. 

50 (c) The chip is mounted on the chip-mounting area 
of the island. 

(d) The bonding pads of the chip is electrically con- 
nected to inner parts of the lead fingers of the lead- 
frame by bonding wires. 
55 (e) The leadframe is placed in a cavity of a molding 
die while holding or fixing outer parts of the lead fin- 
gers of the leadframe. 

(f) A molten encapsulation material is supplied to 
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the cavity of the molding die. 

(g) The molten encapsulation material supplied to 
the cavity of the molding die is cured to form a plas- 
tic package. 

The island, the chip, the bonding wires, and the 5 
inner parts of the lead fingers are buried in the 
package The package has an approximately flat 
bottom face. The outer parts of the lead fingers are 
protruded from the package and are located in 
approximately a same plane as the bottom face of w 
the package. 

The exposition part of the island is exposed 
from the package at a location excluding the chip- 
mounting area. A lower face of the exposition part 
of the island is located in approximately a same is 
plane as the bottom face of the package. 

(h) The plastic package is separated from the lead- 
frame by cutting the first and second connection 
members or the leadframe, thereby forming a plas- 
tic-encapsulated semiconductor device. 20 

With the fabrication method of a semiconductor 
device according to the second aspect of the present 
invention, the leadframe prepared in the step (a) has the 
set of the island and the lead fingers mechanically con- 25 
nected to the body of the leadframe. The exposition 
area is positioned at the location excluding the chip- 
mounting area. 

Then, the plastic package is formed by molding the 
molten encapsulation material into the cavity of the 30 
molding die and curing the encapsulation material 
through the steps (e), (f), and (g). The cavity is formed 
so that the island, the chip, the bonding wires, and the 
inner parts of the lead fingers are buried in the package 
while the outer parts of the lead fingers are protruded 3S 
from the package. Also, The cavity is formed in the fol- 
lowing way. 

Specifically, the package has an approximately flat 
bottom face and the outer parts of the lead finger are 
located in approximately a same plane as the bottom 40 
face of the package. The exposition part of the island is 
exposed from the package at a location excluding the 
chip-mounting area. A lower face of the exposition part 
of the island is located in approximately a same plane 
as the bottom face of the package. 45 

Accordingly, the plastic-encapsulated semiconduc- 
tor device according to the first aspect of the present 
invention is fabricated without adding special proc- 
esses. 

In a preferred embodiment of the method according so 
to the second aspect, the cavity of the molding die has 
a space allowing the exposition part of the island to be 
exposed from the package. 

In this case, there is an additional advantage that 
the exposition part of the island exposed from the pack- ss 
age is readily fabricated without adding a special proc- 
ess. 

In another preferred embodiment of the method 


according to the second aspect, the leadframe is pre- 
pared in the step (a) in such a way that the exposition 
part of the island and the inner parts of the lead fingers 
are depressed or protruded with respect to the outer 
parts of the lead fingers. 

In this case, there is an additional advantage that 
the chip-mounting area of the island and the inner parts 
of the lead fingers are located in a same plane without 
any dedicated process for bending the chip-mounting 
area of the island and/or the inner parts of the lead fin- 
gers. 

In still another preferred embodiment of the method 
according to the second aspect the leadframe is 
formed so that the island includes an additional lead for 
grounding in the step (a). The additional lead is incorpo- 
rated with the island. 

In this case, there is an additional advantage that 
the semiconductor device including the grounding lead 
is readily fabricated and that no wire bonding process is 
necessary for the grounding lead. 

In a further preferred embodiment of the method 
according to the second aspect, the cavity of the mold- 
ing die has a space allowing the supplied and cured 
encapsulating material to form a burr with a prede- 
signed thickness. 

In this case, there is an additional advantage that 
the burr is readily removed from the package. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the present invention may be readily 
carried into effect, it will now be described with refer- 
ence to the accompanying drawings. 

Fig. 1 is a perspective view of a conventional plas- 
tic-encapsulated semiconductor device. 

Fig. 2 is a plan view of the conventional plastic- 
encapsulated semiconductor device shown in Fig. 1, 
which shows the inner configuration. 

Fig. 3 is a perspective view of another conventional 
plastic-encapsulated semiconductor device. 

Fig. 4 is a cross-sectional view of the conventional 
plastic-encapsulated semiconductor device shown in 
Fig. 3, which is along the line IV-IV 

Fig. 5 is a plan view of a plastic-encapsulated sem- 
iconductor device according to a first embodiment of the 
present invention, which shows the inner configuration. 

Fig. 6 is a cross-sectional view of the plastic-encap- 
sulated semiconductor device according to the first 
embodiment, which is along the line Vl-Vl in Fig. 5. 

Fig. 7 is a cross-sectional view of the plastic-encap- 
sulated semiconductor device according to the first 
embodiment, which is along the line VII-VII in Fig. 5. 

Fig. 8 is a perspective view of the plastic-encapsu- 
lated semiconductor device according to the first 
embodiment shown in Fig. 5. which shows the appear- 
ance. 

Fig. 9 is a plan view of the plastic-encapsulated 
semiconductor device according to the first embodiment 
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shown in Fig. 5. 

Fig. 10 is a side view of the plastic-encapsulated 
semiconductor device according to the first embodiment 
shown in Fig. 5. 

Fig 1 1 is a bottom view of the plastic-encapsulated 
semiconductor device according to the first embodiment 
shown in Fig. 5. 

Fig. 12 is a front view of the plastic-encapsulated 
semiconductor device according to the first embodiment 
shown in Fig. 5. 

Fig. 1 3 is a partial plan view of a leadframe used for 
fabricating the plastic-encapsulated semiconductor 
device according to the first embodiment shown in Fig 
5 

Fig. 14 is an enlarged, partial plan view of the lead- 
frame used for fabricating the plastic-encapsulated 
semiconductor device according to the first embodiment 
shown in Fig. 5, which shows the location XIV in Fig. 13. 

Fig. 15 is a partial cross-sectional view of coupled 
pressing dies along the line XV-XV in Fig. 14, in which 
the leadframe is sandwiched by the coupled pressing 
dies. 

Fig. 16 is a partial cross-sectional view of the cou- 
pled pressing dies along the line XVI-XVI in Fig 14, in 
which the leadframe is sandwiched by the coupled 
pressing dies. 

Fig. 1 7 is a partial plan view of the leadframe used 
for fabricating the plastic-encapsulated semiconductor 
device according to the first embodiment shown in Fig. 
5, in which an IC chip is mounted on the island of the 
leadframe. 

Fig. 18 is a cross-sectional view along the line 
XVIII-XVIIIinFig. 17. 

Fig. 19 is a partial plan view of the leadframe used 
for fabricating the plastic-encapsulated semiconductor 
device according to the first embodiment shown in Fig 
5, in which the leadframe is sandwiched between the 
coupled mowing dies. 

Fig. 20 is a cross-sectional view along the line XX- 

XX in Fig. 19. 

Fig. 21 is a cross-sectional view along the line XXI- 

XXI in Fig. 19. 

Fig. 22 is a partial plan view showing the state 
where the plastic package of the semiconductor device 
according to the first embodiment shown in Fig. 5 is 
molded. 

Fig. 23 is a partial side view showing the state 
where the plastic package of the semiconductor device 
according to the first embodiment shown in Fig. 5 is 
molded. 

Fig 24 is a partial bottom view showing the state 
where the plastic package of the semiconductor device 
according to the first embodiment shown in Fig. 5 is 
molded. 

Fig. 25 is a partial plan view showing the state 
where the encapsulating material left in the injection 
gates of the molding dies is removed in fabrication of the 
semiconductor device according to the first embodiment 


shown in Fig. 5. 

Fig. 26 is a partial side view showing the state 
where the encapsulating material left in the injection 
gates of the molding dies is removed in fabrication of the 

s semiconductor device according to the first embodi ment 
shown in Fig. 5. 

Fig. 27 is a partial plan view showing the state 
where the tie bars of the leadframe are cut away in fab- 
rication of the semiconductor device according to the 

10 first embodiment shown in Fig. 5. 

Fig. 28 is a partial side view showing the state 
where the tie bars of the leadframe are cut away in fab- 
rication of the semiconductor device according to the 
first embodiment shown in Fig. 5. 

15 Fig. 29 is a partial plan view showing the state 
where solder layers are formed on the outer parts of the 
leads and the exposition areas of the island of the lead- 
frame in fabrication of the semiconductor device accord- 
ing to the first embodiment shown in Fig. 5. 

so Fig. 30 is a partial plan view showing the state 
where solder layers are formed on the outer parts of the 
leads and the exposition areas of the island of the lead- 
frame in fabrication of the semiconductor device accord- 
ing to the first embodiment shown in Fig. 5. 

25 Fig. 31 is a partial plan view showing the state 
where the island supports of the leadframe are cut away 
in fabrication of the semiconductor device according to 
the first embodiment shown in Fig. 5. 

Fig. 32 is a partial side view showing the state 

30 where the island supports of the leadframe are cut away 
in fabrication of the semiconductor device according to 
the first embodiment shown in Fig. 5. 

Fig. 33 is a plan view of a plastic-encapsulated 
semiconductor device according to a second embodi- 

35 ment of the present invention, which shows the inner 
configuration. 

Fig. 34 is a plan view of a plastic-encapsulated 
semiconductor device according to a third embodiment 
of the present invention having grounding leads or ter- 

40 minals, which shows the inner configuration. 

Fig. 35 is a cross-sectional view of the plastic- 
encapsulated semiconductor device according to the 
third embodiment, which is along the line XXXV-XXXV 
in Fig. 34. 

45 Fig. 36 is a cross -sectional view of the plastic- 
encapsulated semiconductor device according to the 
third embodiment, which is along the line XXXVI-XXXVI 
in Fig. 34. 

Fig. 37 is a perspective view of the plastic- encapsu- 
so lated semiconductor device according to the third 
embodiment shown in Fig. 34, which shows the appear- 
ance. 

Rg 38 is a plan view of the plastic-encapsulated 
semiconductor device according to the third embodi - 
55 ment shown in Fig. 34. 

Fig. 39 is a side view of the plastic-encapsulated 
semiconductor device according to the third embodi- 
ment shown in Fig. 34. 
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Fig 40 is a bottom view of the plastic-encapsulated 
semiconductor device according to the third embodi- 
ment shown in Fig 34. 

Fig. 41 is a front view of the plastic-encapsulated 
semiconductor device according to the third embodi- 
ment shown in Fig. 34. 

Fig. 42 is a plan view of a plastic-encapsulated 
semiconductor device according to a fourth embodi- 
ment of the present invention having grounding lead or 
terminals, which shows the inner configuration. 

Fig. 43 is a cross-sectional view of the plastic- 
encapsulated semiconductor device according to the 
fourth embodiment, which is along the line XXXXIll- 
XXXXIIlin Fig 42. 

Fig. 44 is a cross-sectional view of the plastic- 
encapsulated semiconductor device according to the 
fourth embodiment, which is along the line XXXXVI- 
XXXXVI in Fig. 42. 

Fig. 45 is a perspective view of the plastic-encapsu- 
lated semiconductor device according to the fourth 
embodiment shown in Fig. 42, which shows the appear- 
ance 

Fig. 46 is a plan view of the plastic- encapsulated 
semiconductor device according to the fourth embodi- 
ment shown in Fig 42. 

Fig. 47 is a side view of the plastic-encapsulated 
semiconductor device according to the fourth embodi- 
ment shown in Fig. 42. 

Fig. 48 is a bottom view of the plastic-encapsulated 
semiconductor device according to the fourth embodi- 
ment shown in Fig. 42. 

Fig. 49 is a front view of the plastic-encapsulated 
semiconductor device according to the fourth embodi- 
ment shown in Fig. 42. 

Fig. 50 is a plan view of a plastic-encapsulated 
semiconductor device according to a fifth embodiment 
o1 the present invention having grounding lead or termi- 
nals, which shows the inner configuration. 

Fig. 51 is a cross-sectional view of the plastic- 
encapsulated semiconductor device according to the 
fifth embodiment, which is along the line XXXXXI- 
XXXXXI in Fig. 50. 

Fig. 52 is a cross-sectional view of the plastic- 
encapsulated semiconductor device according to the 
fifth embodiment, which is along the line XXXXXI- 
XXXXXI in Fig. 50. 

Fig. 53 is a perspective view of the plastic-encapsu- 
lated semiconductor device according to the fifth 
embodiment shown in Fig. 50, which shows the appear- 
ance. 

Fig. 54 is a plan view of the plastic-encapsulated 
semiconductor device according to the fifth embodiment 
shown in Fig 50. 

Fig. 55 is a side view of the plastic-encapsulated 
semiconductor device according to the fifth embodiment 
shown in Fig. 50. 

Fig. 56 is a bottom view of the plastic-encapsulated 
semiconductor device according to the fifth embodiment 


shown in Fig 50 

Fig. 57 is a front view of the plastic-encapsulated 
semiconductor device according to the fifth embodiment 
shown in Fig. 50 

5 Fig. 58 is a plan view of a plastic-encapsulated 
semiconductor device according to a sixth embodiment 
of the present invention having grounding lead or termi- 
nals, which shows the inner configuration. 

Fig. 59 is a cross-sectional view of the plastic- 

70 encapsulated semiconductor device according to the 
sixth embodiment, which is along the line XXXXXXI- 
XXXXXXI in Fig. 58. 

Fig. 60 is a cross-sectional view of the plastic- 
encapsulated semiconductor device according to the 

15 sixth embodiment which is along the line XXXXXXII- 
XXXXXXII in Fig. 58. 

Fig. 61 is a perspective view of the plastic-encapsu- 
lated semiconductor device according to the sixth 
embodiment shown in Fig. 58, which shows the appear - 

20 ance. 

Fig. 62 is a plan view of the plastic-encapsulated 
semiconductor device according to the sixth embodi- 
ment shown in Fig. 58. 

Fig 63 is a side view of the plastic-encapsulated 
25 semiconductor device according to the sixth embodi- 
ment shown in Fig. 58. 

Fig. 64 is a bottom view of the plastic-encapsulated 
semiconductor device according to the sixth embodi- 
ment shown in Rg. 58. 
30 Fig. 65 is a front view of the plastic-encapsulated 
semiconductor device according to the sixth embodi- 
ment shown in Fig. 58. 

DETAILED DESCRIPTION OF THE PREFERRED 
35 EMBODIMENTS 

Preferred embodiments of the present invention will 
be described in detail below while referring to the draw- 
ings attached. 

40 

FIRST EMBODIMENT 

Figs. 5 to 12 show a plastic-encapsulated semicon- 
ductor device 31 according to a first embodiment. 

45 As shown in Figs. 5 to 12, the plastic-encapsulated 
semiconductor device 31 according to the first embodi- 
ment is equipped with an approximately rectangular 
island 35, a rectangular parallelepiped-shaped IC chip 
3, leads 33 arranged in parallel, and an approximately 

so rectangular parallelepiped-shaped plastic package 32. 

The island 35 is formed by an electrically-conduc- 
tive sheet metal. The island 35 is comprised of a rectan- 
gular chip-mounting part 37 located at its center, two 
end parts 36 located at its opposite ends, and two con- 

55 nection parts 67 located between the chip-mounting 
part 37 and the two end parts 36. The end parts 36 are 
wider than the chip-mounting part 37. 

As clearly seen from Figs. 5, 6, and 7, the connec- 
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tion parts 67 are oblique to the chip-mounting part 37 
and the end parts 36 while the chip-mounting part 37 is 
parallel to the end parts 36. In other words, the chip- 
mounting part 37 is bent with respect to the connection 
parts 67. and the end parts 36 are bent with respect to 
the connection parts 67. TTierefore. it may be said that 
the island 35 has an arch-shaped longitudinal cross 
section. 

The IC chip 3 is fixed onto the chip-mounting part 
37 of the island 35. Bonding pads 2 are regularly 
arranged on the top face or the chip 3. The bonding 
pads 2 are electrically connected to the inner ends of 
the corresponding leads 33 through bonding wires 6. 

The leads 33 are arranged at regular intervals on 
the long sides of the elongated island 35 and the plastic 
package 32. Each of the leads 33 is comprised of a 
bonding part 38 located at its inner end, a terminal part 
39 located at its outer end, and a connection part 68 
located between the bonding part 38 and the terminal 
part 39. 

As clearly seen from Figs. 5, 6, and 7, the connec- 
tion parts 68 of the leads are oblique to the bonding 
parts 38 and the terminal parts 39 thereof while the 
bonding parts 38 are parallel to the terminal parts 39. In 
other words, the bonding parts 38 are bent with respect 
to the connection parts 68. and the terminal parts 39 are 
bent with respect to the connection parts 68. Therefore, 
it may be said that each of the leads 33 has a crank- 
shaped longitudinal cross section. 

The bonding parts 38 of the leads 33 are located in 
the same plane as the chip-mounting part 37 of the 
isfand 35. The terminal parts 39 of the leads 33 are 
located in the same plane as the end parts 36 of the 
island 35. 

As shown in Fig. 8, the plastic package 32 has two 
depressions 34 at its opposite ends, which allow the 
upper faces of the end parts 36 of the island 35 to be 
partially exposed. Each of the depressions 34 is shaped 
to an approximately rectangular parallelepiped. 

The chip-mounting part 37 of the island 35. the IC 
chip 3. and the bonding wires 6 are entirely encapsu- 
lated or buried in the plastic package 32. The end parts 
36 of the island 35 are not protruded from the package 

32, and are partially exposed from the package 32 
through the depressions 34. The bonding parts 38 and 
the connection parts 68 of the leads 33 are entirely bur- 
ied in the package 32. The terminal parts 39 of the leads 

33, which are partially buried in the package 32, are lat- 
erally protruded from the package 32 through the two 
opposite long sides of the package 32. 

As clearly seen from Figs. 9, 10. 11, and 12, the 
lower faces of the end parts 36 of the island 35 are 
located in the same plane as the bottom face of the 
package 32. and are exposed from the package 32. 
Similarly, the terminal parts 39 of the leads 33 are 
located in the same plane as the bottom face of the 
package 32, and are exposed from the package 32. 

As seen from Figs. 9 and 1 1, the exposed area of 


the lower faces of the end parts 36 of the island 35 is 
wider than the upper faces of the end parts 36. 

The plastic-encapsulated semiconductor device 31 
according to the first embodiment has the following 

5 advantages. 

Specif tcaUy, the semiconductor device 31 according 
to the first embodiment is typically mounted on a printed 
wiring board (not shown) In this case, the terminal parts 
39 of the leads 33 protruding from the plastic package 

jo 32 are electrically connected to corresponding wiring 
lines of the wiring board by solder joints. At the same 
time, the two end parts 36 of the island 35 partially 
exposed from the package 32 are electrically connected 
to a grounding line or lines or an electrically-conductive 

is pattern of the wiring board by solder joints. 

On operation where various electric signals are 
transmitted between the IC chip 3 of the semiconductor 
device 31 and the wiring board, the chip 3 generates 
heat. The heat is efficiently dissipated, because the 

20 exposed end parts 36 of the island 35 are directly con- 
nected to the electrically-conductive pattern of the wir- 
ing board. In other words, the island 35 has a better 
heat-dissipation capability. 

With the conventional plastic-encapsulated semi- 

25 conductor device 521 shown in Figs 3 and 4, the middle 
part 525 of the island 524, on which the IC chip 503 is 
mounted, is exposed from the bottom face of the plastic 
package 522. However, the island 524 is unable to be 
connected to the electrically-conductive pattern of the 

30 wiring board by a solder joint. Accordingly, the middle 
part 525 is apart from the electrically-conductive pattern 
and as a result, the heat-dissipation capability is difficult 
to be improved. 

Also, since not only the leads 505 but also the mid- 
35 die part 525 of the island 524 are exposed from the 
package 522, the moisture contained in the atmosphere 
tends to reach the chip 503. 

On the other hand, with the plastic-encapsulated 
semiconductor device 31 according to the first embodi- 

40 ment, the moisture contained in the atmosphere is 
extremely difficult reach the chip 3 through the gap 
between the island 35 and the package 32. This is 
because the chip-mounting part 37 of the island 35 is 
not exposed from the package 32. 

45 Thus, unlike the conventional semiconductor device 
521 shown in Figs. 3 and 4, the semiconductor device 
31 according to the first embodiment has a good heat- 
dissipation capability equivalent to the conventional 
semiconductor device 521 while preventing the mois- 

50 ture in the atmosphere from reaching the IC chip 3. 

Especially, the end parts 36 of the island 35, which 
are located at the opposite ends along the longitudinal 
axis of the rectangular parallelpiped -shaped package 
32, are exposed from the package 32. Also, the island 

55 35 are bent like a crank at the connection parts 67 in the 
package 32. Therefore, the moisture in the atmosphere 
is more difficult to reach the IC chip 3. 

Since the upper faces of the end parts 36 of the 


8 


<EP_.. 0872886A2 l_> 


15 


EP 0 872 886 A2 


16 


island 35 are exposed from the package 32 through the 
depressions 34. the end parts 36 are unnecessary to be 
protruded from the package 32. This avoids upswing of 
the device 31. 

Also, since the upper faces of the end parts 36 of 
the island 35 are exposed from the package 32, the 
island 35 may be electrically connected to the electri- 
cally-conductive pattern of the wiring board at the 
depressions 34 of the package 32 by solder joints. In 
this case, the heat-dissipation capability is further 
increased. 

The upper faces of the end parts 36 of the island 
35, which are not covered with the wiring board, are nar- 
rower than the lower faces thereof. This enhances the 
protection effect against the moisture entering while 
keeping the heat-dissipation capability unchanged. 

Next, a fabrication method of the plastic-encapsu- 
lated semiconductor device 31 according to the first 
embodiment will be explained below with reference to 
Figs 13 to 32. 

First, as shown in Figs. 13 and 14, a leadframe 102 
including a lot of sets 101 of the island 35 and the leads 
33 is prepared by etching a thin metal sheet. In each of 
the sets 101 , the island 35 is mechanically connected to 
a body 105 of the leadframe 102 by island supports 
1 04, and the leads 33 are mechanically connected to 
the body 1 05 by tie bars or dam bars 1 03. The leads 33 
are mechanically connected to one another by the tie 
bars 103. 

The reference numeral 128 denotes pilot holes of 
the leadframe 102 used for transferring the leadframe 
102. 

Second, as shown in Figs. 15 and 16, the set 101 of 
the island 35 and the leads 33 is subjected to a pressure 
forming process using upper and lower pressing dies 
107 and 108 of a down set 106, thereby bending the 
island 35 and the leads 33 at the connection parts 67 
and 68. In this process, the leadframe 102 is held at the 
body 105 by the pressing dies 107 and 108. 

Thus, the two end parts 36 of the island 35 are bent 
upward with respect to the chip-mounting part 37 and at 
the same time, the bonding parts 38 of the leads 33 are 
bent upward with respect to the terminal parts 39. Due 
to the bending, the end parts 36 of the island 35 are 
located in the same plane as the bonding parts 38 of the 
leads 33, and the chip-mounting part 37 of the island 35 
are located in the same plane as the terminal parts 39 
of the leads 33. 

Third, as shown in Figs. 17 and 18, the IC chip 3 is 
fixed onto the chip-mounting part 37 of the island 35 by 
a solder joint 109. Then, the bonding pads 2 of the chip 
3 are electrically connected to the bonding parts 38 of 
the leads 33 by the bonding wires 6. 

Fourth, as shown in Figs. 19 to 21, the set 101 of 
the leadframe 102 is subjected to a molding process. 
Specifically, the island 35, the chip 3. the bonding wires 
2, and the leads 33 are sandwiched between upper and 
lower molding dies 1 1 1 and 112. The island 35. the chip 


3, and the bonding wires 2 are entirely located in a cav- 
ity 1 13 of the molding dies 1 1 1 and 1 12. The inner parts 
of the leads 33 are located in the cavity 113 while the 
remaining parts of the leads 33 and the tie bars 103 are 

5 held by the molding dies 1 1 1 and 1 1 2 and located out- 
side the cavity 113. 

The part of the cavity 1 1 3 corresponding to the two 
depressions 34 of the package 32 are filled with the 
molding dies 1 1 1 and 112, allowing the depressions 34 

10 to be formed in the following molding process. 

The reference numeral 1 1 4 denotes gates of the 
molding dies 1 1 1 and 1 12 through which a molten mold- 
ing or encapsulating material is injected into the cavity 
113. The reference numeral 129 denotes holding or 

is contacting areas of the molding dies 111 and 112 at 
which the leadframe 102 is fixed by the molding dies 
111 and 112. The holding or contacting areas 129 are 
located in the peripheral area surrounding the cavity 
113. 

20 Fifth, as shown in Figs. 22 to 24, a molten molding 
or encapsulating material such as an epoxy resin is 
injected into the cavity 113 of the molding dies 107 and 
108 through the gates 1 14 until the cavity 1 13 is filled 
with the material. The injected molding material is then 

25 cured, resulting in the plastic package 32 including the 
island 35. the IC chip 3. the bonding wires 6. and the 
inner parts of the leads 33. In this state, the end parts 
36 of the island 35 and the terminal parts 39 of the leads 
33, which have been held by the molding dies 1 1 1 and 

30 112, are exposed from the package 32. 

In the device 31 according to the first embodiment, 
the bottom face of the package 32 is flat and at the 
same time, the end parts 36 of the island 35 and the ter- 
minal parts 39 of the leads 33 are located in the same 

35 flat plane as the bottom face of the package 32. There- 
fore, the inner surface of the lower molding die 112 may 
be simply flat. Also, the inner surface of the upper mold- 
ing die 1 1 1 may be simply shaped to form the depres- 
sions 34 of the package 32. As a result, there is an 

40 additional advantage that the molding dies 1 1 1 and 1 12 
are readily fabricated and that high accuracy is not 
needed in the coupling process of the dies 111 and 112. 

This molding process produces plate-shaped burrs 
1 15 at the position conesponding to the interface of the 

45 coupled molding dies 1 1 1 and 1 1 2 and thin burrs 1 1 6 at 
the position corresponding to the interface of the end 
parts 36 of the island 35 and the lower molding die 1 1 2. 
The thin burrs 116 may be removed by known proc- 
esses such as water honing and dry blasting processes. 

so The plate-shaped burrs 1 1 5 may be removed in the step 
of removing the molding material or resin 1 17 left in the 
gates 1 14 and the island supports 104. 

H the molding dies 111 and 112 are so designed 
that the plate-shaped burrs 1 15 have a larger thickness 

55 than intervening parts between the package 32 and the 
burrs 1 15. the burrs 1 15 may be removed more readily 
and surely by cutting the thinner intervening parts. 
Sixth, as shown in Figs. 25 and 26, to remove th 
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molding material 1 17 left in the gates 114. the plastic 
package 32 is placed on a table 121 of a punching 
machine 122. Then, the molding material 1 1 7 left in the 
gates 1 14 is cut away by using a cutter 122 of the 
punching machine 122. 

Seventh, as shown in Figs. 27 and 28. to separate 
the terminal parts 39 of the leads 33 which are pro- 
truded from the package 32 and which are mechanically 
connected to one another by the tie bars 103. the tie 
bars 103 are successively cut away by using a cutter 
123 and a cutting table 124. 

Although all the tie bars 103 are successively cut 
away by using the single cutter 123 here, they may be 
cut away simultaneously by using a plurality of cutters 
123. 

Eighth, as shown in Figs. 29 and 30. to form solder 
films 125 on the exposed terminal parts 39 of the leads 
33 and the exposed end parts 36 of the island 35. the 
terminal parts 39 and the end parts 36 are subjected to 
a plating process of solder. The plated solder films 125 
have a function of preventing the terminal parts 39 of 
the leads 33 and the end parts 36 of the island 35 from 
being oxidized and a function of improving the affinity of 
the leads 33 and the island 35 to solder. 

Finally, as shown in Figs. 31 and 32. the end parts 
36 of the island 35 are separated from the island sup- 
ports 104 and the terminal parts 39 of the leads 33 are 
separated from the body 105 of the leadframe 102 by 
using a cutting table 1 26. 

Thus, the plastic-encapsulated semiconductor 
device 31 according to the first embodiment shown in 
Figs. 5 to 12 is fabricated. 

With the fabrication method according to the first 
embodiment, the configuration where the lower faces of 
the end parts 36 of the island 35 are exposed from the 
bottom face of the package 32 and the upper faces 
thereof are exposed from the two depressions 34 of the 
package 32 is readily achieved. 

Especially, since the end parts 36 of the island 35 
are held by the molding dies 1 1 1 and 1 12 in the molding 
process shown in Figs. 19 to 21, the above configura- 
tion is readily achieved without adding any special or 
dedicated process. Also, the amount of the plate- 
shaped burrs 115 becomes low and the burrs 115 ace 
readily removed. 

On the other hand, for example, in the conventional 
plastic-encapsulated semiconductor device 21 shown in 
Figs. 3 and 4, even rf the heat-releasing plate 523 of the 
islands 524 is sandwiched by molding dies, some burrs 
which are difficult to be removed tend to be produced. 

Since the leads 33 and the island 35 are bent in the 
pressing formation process of the leadframe 102. no 
dedicated tools are necessary for bending the leads 33 
and the island 35. The leads 33 are bent prior to the 
separation process from the body 105 of the leadframe 
1 02 and therefore, good shape uniformity of the termi- 
nal parts 39 of the leads 33 is ensured. Because the ter- 
minal parts 39 of the leads 33 are not bent after the 


molding process, there is no danger that the package 
32 is damaged due to useless stresses. 

Since both of the leads 33 and the island 35 are 
bent, the terminal parts 39 of the leads 33 can be 
5 located in the same plane as the bottom face of the 
package 32 and at the same time, the bonding parts 38 
of the leads 33 can be located in the same plane as the 
chip-mounting part 37 of the island 35. 


Fig. 33 shows a plastic- encapsulated semiconduc- 
tor device 31a according to a second embodiment 
The device 31a according to the second embodi- 
75 ment has a same configuration as the device 31 accord- 
ing to the first embodiment, except that grounding leads 
40 are provided instead of the corresponding leads 33. 
Therefore, the explanation relating to the same configu- 
ration is omitted here by adding the same reference 
20 numerals to the same or corresponding elements in Fig. 
33. 

Thus, it is clear that the device 31a has the same 
advantages as those in the first embodiment. 

Each of the grounding leads 40 is formed by a 
25 bonding part 38a. a terminal part 39a, and a connection 
part 68a between the parts 38a and 39a. The grounding 
leads 40, which are incorporated with the island 35. are 
bent at the connection parts 68a in the same way as the 
leads 33. 

30 The incorporation of the grounding leads 40 with 
the island 35 enables a simple configuration and 
ensures the grounding connection. 

On use. the grounding leads 40 and the end parts 
37 of the island 35 are electrically connected to ground 

35 lines or an electricaHy-conductive pattern of a wiring 
board. It is preferred that the grounding leads 40 are 
located to be adjacent to the leads 33 designed for high- 
frequency electric signals, because there is an addi- 
tional advantage that electric isolation between the 

40 leads 33 and 40 is improved. 

When the semiconductor device 31a according to 
the second embodiment is fabricated, the grounding 
leads 40 are formed in advance to be incorporated with 
the leadframe 102 together with the leads 33. In this 

45 case, the productivity is increased because a wire bond- 
ing process for the grounding leads 40 are not needed. 

THIRD EMBODIMENT 

so Figs. 34 to 41 show a plastic-encapsulated semi- 
conductor device 31b according to a third embodiment. 

The device 31b according to the third embodiment 
has a same configuration as the device 31a according 
to the second embodiment, except that the two end 
55 parts 36 of the island 35 are laterally protruded from the 
package 32 and the two depressions 34 of the plastic 
package 32 are canceled. Therefore, the explanation 
relating to the same configuration is omitted here by 
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adding the same reference numerals to the same or cor- 
responding elements in Figs 34 to 41 

Since the depressions 34 of the plastic package 32 
are canceled, the heat-dissipation capability is lowered 
compared with the semiconductor devices 31 and 31a s 
according to the first and second embodiments. How- 
ever, the two ends parts 36 of the island 35 are pro- 
truded from the package 32, and as a result, the heat- 
dissipation capability is approximately equal to the sem- 
iconductor devices 31 and 3 1 a according to the first and 
second embodiments. 

There ts a disadvantage that upsizing of the device 
31b will occur due to the protruded ends parts 36 of the 
island 35 compared with the semiconductor devices 31 
and 31a according to the first and second embodi- 
ments. 

FOURTH EMBODIMENT 

Figs. 42 to 49 show a plastic-encapsulated semi- 
conductor device 31c according to a fourth embodi- 
ment. 

The device 3 1 c according to the fourth embodiment 
has a same configuration as the device 31 accofding to 
the first embodiment, except that not only the two end 
parts 36 of the island 35 but also two side parts 236 of 
the island 35 are exposed from the package 32, and that 
two depressions 234 are added to the plastic package 
32. Therefore, the explanation relating to the same con- 
figuration is omitted here by adding the same reference 
numerals to the same or corresponding elements in 
Figs. 42 to 49. 

The plan shape of the island 35 is like a cross. The 
two additional depressions 234 of the plastic package 
32 are formed to expose the two side parts 236 of the 
island 35. 

There is an additional advantage that the heat-dis- 
sipation capability is improved compared with the 
device 31 according to the first embodiment, together 
with the same advantages as those in the first embodi- 
ment. 

There is a disadvantage that the maximum number 
of the leads 33 is decreased because of the additional 
depressions 234 of the plastic package 32 compared 
with the semiconductor devices 31, 31a, and 31b 
according to the first to third embodiments. 

FIFTH EMBODIMENT 

Figs. 50 to 57 show a elastic-encapsulated semi- 
conductor device 31 d according to a fifth embodiment 

The device 31d according to the fifth embodiment 
has a same configuration as the device 31 according to 
the first embodiment, except that one of the two end 
parts 36 of the island 35 and one of the two depressions 
34 of the plastic package 32 are canceled. Therefore, 
the explanation relating to the same configuration is 
omitted here by adding the same reference numerals to 


the same or corresponding elements in Figs. 50 to 57. 

Instead of the end part 36 of the island 35, a slen- 
der end part 104 is provided to be connected to the 
Chip-mounting part 37 of the island 35 

There is approximately the same advantages as 
those in the first embodiment. However, the heat-dissi- 
pation capability is slightly degraded compared with the 
device 31 according to the first embodiment due to the 
cancellation of the end part 36 of the island 35 and the 
depression 34 of the plastic package 32. 

SIXTH EMBODIMENTS 

Figs. 58 to 65 show a plastic-encapsulated semi- 
conductor device 31 e according to a sixth embodiment. 

The device 31 e according to the sixth embodiment 
has a same configuration as the device 31 according to 
the first embodiment, except that the two depressions 
34 of the plastic package 32 are canceled. Therefore, 
the explanation relating to the same configuration is 
omitted here by adding the same reference numerals to 
the same or corresponding elements in Figs. 58 to 65. 

There is an additional advantage that the molding 
dies 111 and 112 are simply and readily fabricated, 
because the plastic package 32 has a very simple 
shape. 

However, the heat-dissipation capability is slightly 
degraded compared with the device 31 according to the 
first embodiment due to the cancellation of the two 
depressions 34 of the plastic package 32. 

While the preferred forms of the present invention 
have been described, it is to be understood that modifi- 
cations will be apparent to those skilled in the art with- 
out departing from the spirit of the invention. The scope 
of the present invention, therefore, is to be determined 
solely by the following claims. 

Claims 

1 . A plastic-encapsulated semiconductor device com- 
prising: 

an electrically-conductive island having a chip- 
mounting area; 

an IC chip fixed on said chip-mounting area of 
said island; 

leads electrically connected to bonding pads of 
said chip through bonding wires; 
a plastic package for encapsulating said island, 
said chip, said bonding wires, and inner parts 
of said leads; 

said package having an approximately flat bot- 
tom face; 

outer parts of said leads being protruded from 
said package and being located in approxi- 
mately a same plane as said bottom face of 
said package; 

said island having an exposition part exposed 
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from said package at a location excluding said 
chip-mounting area; 

a lower face of said exposition part of said 
island being located in approximately a same 
plane as said bottom face of said package; 
said chip and said chip-mounting area of said 
island being entirely buried in said package, 
and 

a part of said island excluding said chip-mount- 
ing area being bent toward said bottom face of 
said package to be exposed therefrom 

2. A device as claimed in claim 1 , further comprising 
an additional lead for grounding; 

wherein said additional lead is incorporated 
with said island. 

3. A device as claimed in claim 1 , wherein an upper 
face of said exposition part of said island is exposed 
from said package. 

4. A device as claimed in claim 1 , wherein said pack- 
age has a depression formed to expose an upper 
face of said exposition part of said island from said 
package. 

5. A device as claimed in claim 1 , wherein said lower 
face of said exposition part of said island is wider 
than an upper face of said exposition part of said 
island. 

6. A device as claimed in claim 1 , wherein said expo- 
sition part of said island is protruded from said 
package. 

7. A fabrication method of a plastic-encapsulated 
semiconductor device, comprising the steps of: 

(a) preparing a leadframe having a set of an 
island and lead fingers by an electrically-con- 
ductive metallic plate; 

said island being mechanically connected 
to a body of said leadframe by a first con- 
nection member; 

said lead fingers being mechanically con- 
nected to said body of said leadframe by a 
second connection member; 
said island having a chip-mounting area 
and an exposition area positioned at a 
location excluding said chip-mounting 
area; 

(b) preparing an IC chip having bonding pads. 

(c) mounting said chip on said chip-mounting 
area of said island; 

(d) electrically connecting said bonding pads of 
said chip to inner parts of said lead fingers of 
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said leadframe by bonding wires; 
(e) placing said leadframe in a cavity of a mold- 
ing die while holding or fixing outer parts of said 
lead fingers of said leadframe, 
5 (f) supplying a molten encapsulation material 

to said cavity of said molding die; 

(g) curing said molten encapsulation material 
supplied to said cavity of said molding die to 
form a plastic package; 

10 

said island, said chip, said bonding wires, 
and said inner parts of said lead fingers 
being buried in said package; 
said package having an approximately flat 

is bottom face; 

said outer parts of said lead fingers being 
protruded from said package and being 
located in approximately a same plane as 
said bottom face of said package; 

20 said exposition part of said island being 

exposed from said package at a location 
excluding said chip-mounting area; 
a lower face of said exposition part of said 
island being located in approximately a 

25 same plane as said bottom face of said 

package; 

(h) separating said plastic package from said 
leadframe by cutting said first and second con- 

30 nection members of said leadframe, thereby 

forming a plastic-encapsulated semiconductor 
device; 

8. A method as claimed in claim 7, wherein said cavity 
35 of said molding die has a space allowing said expo- 
sition part of said island to be exposed from said 
package. 

9. A method as claimed in claim 7, wherein said lead- 
40 frame is prepared in the step (a) in such a way that 

said exposition part of said island and said inner 
parts of said lead fingers are depressed or pro- 
truded with respect to said outer parts of said lead 
fingers. 

45 

10. A method as claimed in claim 7, wherein said lead- 
frame is formed so that said island includes an 
additional lead for grounding in the step (a); 

and wherein said additional lead is incorpo- 
50 rated with said island. 

11. A method as claimed in claim 7, wherein said cavity 
of said molding die has a space allowing said sup- 
plied and cured encapsulating material to form a 

55 burr with a predesigned thickness. 
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